ガラス界面上で自発運動する油滴ガラス界面状態の境界での振る舞い(非線形現象のモデル化とその数理解析) by 住野, 豊
Titleガラス界面上で自発運動する油滴ガラス界面状態の境界での振る舞い(非線形現象のモデル化とその数理解析)
Author(s)住野, 豊












(H. P. Groenspan) [4]








F. $\mathrm{D}\mathrm{o}\mathrm{m}\mathrm{i}\mathrm{n}\mathrm{p}_{1}\alpha$ Doe Santos [9]



















1 :(a) $\mathrm{Y}$ (b)





[ 1(a)] ($\mathrm{P}\mathrm{a}\mathrm{n}\mathrm{a}\mathrm{s}\mathrm{o}\mathrm{m}\underline{\mathrm{l}}\mathrm{c};$ NV-GS100K-K) 1 30
(1 mm $\mathrm{x}52$ mm $\mathrm{x}3.1$ -3.2mm)
15 mm [ $1(\mathrm{b})$ ]
15-60 $\mu l$ ( $\mathrm{R}\mathrm{e}\mathrm{d}\mathrm{L}\mathrm{a}\mathrm{k}e$ MASD Inc.,San
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[ $2(\mathrm{a}),(\mathrm{b})$ ]












$x$ $r_{\text{ }}$ $w_{\text{ }}$ $h$ $w$ –
$V$
$V=rwh$ (1)
$F= \frac{1}{2}mgh+\gamma[rw+2hw+2rh]=\frac{\rho V^{2}g}{2rw}+\gamma[rw+2V(\frac{1}{r}+\frac{1}{w})]$. (2)
\mbox{\boldmath $\gamma$} \rho m g
$x$ $r$ $r\mathit{0}$ $\mathrm{d}F/\mathrm{d}r=0$
$\frac{\mathrm{d}F}{\mathrm{d}r}=-\frac{\rho V^{2}g}{2r^{2}w}+\gamma[w-\frac{2V}{r^{2}}]=0$ (3)
$r_{0}=( \frac{\rho V^{2}g}{2\gamma uJ^{2}}.+\frac{2V}{w})^{1/2}$ (4)





























$x_{1}(t)$ $x\mathrm{a}(t)$ $x_{1}<x_{2}$ $x$, $t$
21
$\mathrm{S}\mathrm{T}\mathrm{A}^{+}$ $u(x, t,)$ $x_{1}$ $x_{2}$
$\sigma\frac{\mathrm{d}^{2}x_{1}}{\mathrm{d}t^{2}}=-\mu_{0^{\frac{\mathrm{d}x_{1}}{\mathrm{d}t}}}-\frac{\partial \mathrm{A}}{(’\mathrm{f}\prime},..’|_{x=x_{\mathrm{I}}}-\beta(r_{0})(x_{1}(t)-x_{2}(t)-r_{0})$ (10)
$\sigma\frac{\mathrm{d}^{2}x_{2}}{\mathrm{d}t^{2}}=-\mu_{\mathit{0}^{\frac{\mathrm{d}x_{2}}{\mathrm{d}t}-}}\frac{\partial \mathrm{A}}{\partial’\prime r,’}.|_{x=x_{2}}-\beta(r_{0})(x_{2}(t)-x_{1}(t)+r_{0})$ (11)
$\sigma_{\text{ }}$ $r_{\mathit{0}}$ 2 (3 )
$\beta(r_{\mathit{0}})$ (5) $r\mathit{0}$
$E\langle u$) $S\mathrm{T}A^{+}$ $u$
$E(u)= \frac{e_{0}}{1+au^{n}}$ (12)
eo $a_{\text{ }}$ n
u STA+
$\frac{\partial u}{\theta^{r}t}=d\frac{\partial^{2}u}{\partial x^{2}}+F(u, x,x_{1}(t),x_{2}(t);\ell_{0})$ (13)
d STA+ F(u, x, $x_{1}(t),$ $x_{2}(t);\ell_{\mathit{0}}$)




$-k_{1u}$ $(x_{2}(t)\leq x\leq x_{1}(t,))$
$k_{2}(u_{0}-u)$ $(\ell_{0}<x<x_{2}(t), x_{1}(t)<x<\ell-\ell_{0})$
$k_{3}(u_{1}-u)$ $(0<x\leq\ell_{0}, \ell-\ell_{0}\leq x<\ell)$
(14)




$\frac{\partial u}{\partial x},$ $(t, 0)=‘ \frac{d^{r}u}{()_{X,}}(l.\ell)=0$ (15)
$u((),x)=\{$
$u_{\mathit{0}}$ $(\ell_{\mathrm{O}}<x<\ell-\ell_{0})$
$\mathrm{u}_{1}$ $(0<x\leq\ell_{0}, \ell-\ell_{0}\leq x<\ell)$
(16)
$x_{1}(0)=x$ loh $x_{2}(0)=x_{20}(<x_{10})$ ,
$\frac{\mathrm{d}x_{1}}{\mathrm{d}t}(0)=\frac{\mathrm{d}x_{2}}{\mathrm{d}t}(0)=\mathrm{t}1$ (17)
(10)-(17)








$\frac{\partial U}{\partial T}=D\frac{\partial^{2}U}{\partial X^{2}}+F(U, X, X_{1}(T), X_{2}(T);L_{0})$ (22)
$F(U,X, X_{1}(T), X_{2}(T);L_{0})$
$=\{_{\mathrm{t}}$
$-U$ $(X_{2}(T)\leq X\leq X_{1}(T))$
$K_{2}(U_{0}-U)$ $(L_{0}<X<X_{2}\{T)$ ,
$X_{1}\langle T)<X<1-L_{\mathit{0}})$
$K_{3}(U_{1}-U)$ $(0<X\leq L_{0},1-L_{0}\leq X<1)$
(23)
$\frac{\partial U}{\partial’X}(T, 0)=\frac{\partial’U}{\partial’X}(T, 1)=\mathrm{t}1$ (24)
$U(0, X)=\{$
1, $(L_{0}<X<1-L_{\mathit{0}})$ (25)
$U_{1}$ , $(0<X\leq L_{0},1-L_{0}\leq X<1)$
$X_{1}\{())=X_{10},$ $X_{2}(11)=X_{20}(<X_{10})$ ,
$\frac{\mathrm{d}X_{1}}{\mathrm{d}T}\langle 0$) $= \frac{\mathrm{d}X_{2}}{\mathrm{d}T}(0)=0$ (26)
$\mu=\frac{\mu \mathit{0}}{\sigma k_{1}},$ $E_{\mathit{0}}= \frac{e_{0}}{l\sigma k_{1}^{2}}$ , $= \frac{r_{\mathit{0}}}{\ell}$ ,
$B(R_{0})=. \frac{\ell^{2}\{(r_{0})}{\sigma k_{1}^{2}},=\frac{W}{R_{0}},$ $W= \frac{2\gamma llJ\ell}{\sigma k_{1}^{2}}.,$ $A=au_{0}^{n}$ ,
$D= \frac{d}{k_{1}\ell^{2}},$ $K_{2}= \frac{k_{2}}{k_{1}},$ $K_{3}= \frac{k_{3}}{k_{1}},$ $U_{1}= \frac{u_{1}}{u_{0}}$ ,
$L_{0}= \frac{\ell_{0}}{\ell}$
.
$(<1),$ $X_{10}= \frac{x_{10}}{\ell},$ $X_{20}= \frac{x_{20}}{\ell}$
.
23
8 (19) -(26) $\mu=0.2_{\text{ }}$
$=0.05_{\text{ }}E_{0}=5\mathrm{x}10^{-\iota_{\text{ }}}A=1_{\text{ }}n=4_{\text{ }}W=0.1_{\backslash }D=2.5\mathrm{x}10^{-5}\text{ }L_{0}=0.25_{\text{ }}U_{\mathit{0}}=1,$ $K_{2}=1_{\text{ }}$
$\kappa_{\mathrm{s}}=1$ . $X_{1\mathit{0}}=0.23_{\text{ }}X_{2}0=0.27$ (a) (b) $U_{1}$
(a) $U_{1}=0.65\text{ }$ (b) $U_{1}=0.658$ $x$
(a) (b)
6
[ (19)-(23)] [ (24)-(26)]
$U_{1}$ –
$\mu=0.2_{\text{ }}$ Ro $=0.05_{\text{ }}$ $=5\mathrm{x}10^{-s_{\text{ }}}A=1_{\text{ }}n=4_{\text{ }}W=\mathrm{t}$)$.1,$ $D=2.5\mathrm{x}10^{-\S}\text{ }L_{0}=0.25_{\text{ }}U_{0}=1$ ,










9 (19)-(26) 8 $U_{1}$
(a) $U_{1}=0.68_{\text{ }}$ (b) $U_{1}=0.75$ $x$
(a) (b)
$U_{1}$
[ $2(\mathrm{b})$ ] $[$ $3\langle \mathrm{a})]_{\text{ }}$









10 [ $8(\mathrm{b})$] (a) $X_{1}-X_{2}$ (b)
7




$f_{1}=- \frac{\partial E}{\partial x}$
. $|_{x=x}$ . $= \alpha\frac{\partial u}{\acute{c}x},|_{x=x}$. $($ .3$0)$
$\frac{\partial \mathrm{u}}{\partial l}=d\frac{\partial^{2}u}{\partial x^{2}}+F(u,x,x_{1}(t),x_{2}(t))$ (31)
$F(u,x,x_{1}(t), x_{2}(t))$
$=\{$

















$\hat{T}=kt,\hat{U}=\frac{u}{u_{0}}$ , $\mathit{6}=\frac{\mathrm{u}_{\mathrm{o}\mathrm{u}\mathrm{t}}}{u_{0}}$ , $\hat{X}=\sqrt{\frac{k}{d}}x,\hat{X}_{1}=\sqrt{\frac{k}{d}}X$: (38)
$\hat{R}_{\mathit{0}}=\sqrt{\frac{k}{d}}r_{0},$
$\mu=\frac{\mu \mathit{0}}{\sigma k}$




































$, \frac{\partial g(v)}{\partial v}|_{v=0}=\frac{\hat{L}e^{-\hat{L}}}{4}$ (58)
$\frac{\partial^{2}g(v)}{\partial’v^{2}}|_{v=0}=0$ (59)
28
11 $g(v,\hat{L})$ $\hat{L}=3,10$ 1
$\hat{L}=3$ $\mu/\hat{A}\delta$ $\hat{L}=10$
$\frac{\theta^{3}g\langle v)}{\partial v^{3}}|_{v=0}=\frac{\hat{L}e^{-\hat{L}}}{16}(\hat{L}_{0}^{2}-3\hat{L}-3)=\frac{\hat{L}\mathrm{e}^{-\hat{L}}}{16}(\hat{L}-\hat{L}_{+})(\hat{L}-\hat{L}_{-})$ (60)
$\hat{L}_{\pm}=\frac{1}{2}$(3 ) (61)
$0<\hat{L}_{0}<\hat{L}_{+}$ $v=0$ $\mu/\hat{A}\delta>\hat{L}\mathit{0}e^{-\hat{L}_{0}}$ $\mu/\hat{A}\delta<\hat{L}_{\mathit{0}}e^{-\hat{L}_{\mathrm{O}}}$








12 $\hat{L}=3,10$ $v=3,20$ $U$ $\hat{X}_{2}=0$ $\hat{L}=10,$ $v=3$
$\hat{L}=3,$ $v=3$
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